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Abstract
The gap between marginal revenues and marginal costs of inputs (i.e., distortions or wedges) at
establishments potentially lower aggregate total factor productivity (TFP) by preventing efficient
allocation of resources among incumbents, deterring entry and exit, and affecting technology choices.
We investigate the impacts of distortions on aggregate TFP, entry and exit, and establishment-level
productivity growth using a rich dataset of Japanese establishments falling into manufacturing
industries. Our main findings are the following. First, if capital and labor were reallocated in Japan
to equalize marginal products to the extent observed in the United States, aggregate TFP would
increase by 6.2%. Second, the efficient size distribution of establishments that would be realized
without any distortions would be more dispersed than the actual one. Third, distortions have a
significant impact on entry and exit as well as establishment-level productivity growth. Finally, we
investigate the factors of distortions, obtaining evidence that financial constraints result in

distortions.
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1 Introduction

The gap between marginal revenues and marginal costs (i.e., distortions or wedges),
at establishments lower aggregate total factor productivity (TFP) by preventing ef-
ficient allocation of resources among incumbents (e.g., Hsieh and Klenow [18]
and Restuccia and Rogerson [27]). Furthermore, establishment-level distortions
potentially affect entry and exit behaviors by affecting the expected profits from
entry (Restuccia and Rogerson [27]). They may also affect establishment-level
productivity growth by affecting the technology adoption decision (Midrigan and
Xu [21]). The purpose of this paper is to offer new evidences on the effects of
establishment-level distortions on aggregate TFP, establishment-size distribution,
and entry/exit behaviors using a rich dataset of Japanese establishments falling
into manufacturing industries. We further aim at revealing the factors that bring
about establishment-level distortions.

To these aims, we first measure establishment-level distortions on capital and
output by applying the methodology developed by Hsieh and Klenow [18] (HK,
hereafter) to our large-scale, establishment-level dataset of Japanese manufactur-
ers. Then we use the measured distortions to calculate the hypothetical aggregate
TFP gains as well as the hypothetical distribution of establishment sizes that would
be realized without distortions. The basic idea underlying HK’s methodology is
to measure distortions in terms of the differences in marginal revenues across es-
tablishments, based on the theoretical prediction that without distortions marginal
revenues would be equalized. Next, we estimate the effects of distortions on estab-
lishment entry and exit and on subsequent establishment-level productivity growth.
Finally, we regress distortions on a number of proxies for potential sources of dis-
tortions: government regulations, external finance constraints, and labor market
frictions under the seniority system.

Our main findings are the followings. First,if capital and labor were reallo-
cated in Japan to equalize marginal products to the extent observed in the United
States, aggregate TFP would increase by 6.2%. Second, the efficient size distri-
bution of establishments that would be realized without any distortions would be
more dispersed than the actual one. Third, distortions have a significant impact on
entry and exit as well as establishment-level productivity growth. Finally, financial
constraints result in overall distortions.

This paper contributes to two closely related strands of literature. One is re-
cently emerging literature on the effects of policy-induced distortions on misalloca-
tion and resultant TFP losses. Using microdata on manufacturing establishments in
China, India, and the United States, Hsieh and Klenow [18] find that if capital and
labor were hypothetically reallocated to equalize marginal products to the extent
observed in the United Staes, manufacturing TFP would increase by 30%-50% in
China and 40% -60% in India. They attribute such misallocation to state ownership
in China and licensing and size restriction in India.! Restuccia and Rogerson [27]

'Baily et al. [4] document that about half of overall productivity growth in US manufacturing in



develop neoclassical growth model that incorporates heterogeneous productivity
and producer-specific taxes and subsidies to output or the use of capital or labor.
Considering taxes of 30 to 40% (and subsidies so that the net effect on steady-state
capital accumulation is zero) that depend positively on establishment-level produc-
tivity, they find that the reallocation of resources implied by such policies lead to
decrease in output and TFP in the range of 30 to 50%. Bartelsman et al. [3] develop
a model in which heterogeneous firms face adjustment frictions (overhead labor
and quadi-fixed capital) and idiosyncratic distortions, showing that the model can
be calibrated to match the observed cross-country patterns of the within-industry
covariance between productivity and size. They also point out an important role
of misallocation distortions in firm survival and exit. In measuring establishment-
level distortions, we follow the methodology developed by Hsieh and Klenow [18]
and analyze their macroeconomic consequences including aggregate TFP losses
and establishment entry and exit. Furthermore, unlike Restuccia and Rogerson [27]
and Bartelsman et al. [3] we explore factors that yield establishment distortions.

Another strand of literature that is closely related to this paper is the misallo-
cation of credit in Japan during the banking crisis in the 1990s. Caballero et al. [7]
investigated ‘zombie’ lending practices and the resultant misallocation in the 1990s
in Japan. They found that firms that were insolvent but kept afloat thanks to unusu-
ally low-cost bank loans crowded out solvent firms, resulting in low industry-level
productivity in the 1990s when many Japanese banks fell into financial difficulties.
2 Although this paper covers almost three decades from 1981 to 2008, low-cost
credit associated with ‘zombie’ lending in the 1990s would appear as a negative
distortion in the measured establishment-level distortion and constitutes a source
of misallocation overall in our analysis.

The rest of the paper is composed as follows. In Section 2, we measure
establishment-level distortions and estimate the hypothetical TFP gains and the
hypothetical establishment-size distributions that would be realized without distor-
tions. We further analyze the effects of distortions on establishment entry and exit.
In Section 3, we investigate the factors that result in establishment-level distor-
tions. Our main interest is whether the measured distortions on capital are corre-
lated with a measure of external finance dependence. The hypothesis we test is that
a establishment that depends more on external finance is more likely to be bound
by borrowing constraints, and hence faces a higher distortion on capital. Finally,
Section 4 summarizes the results.

the 1980s can be attributed to factor reallocation from low productivity to high productivity estab-
lishments.

?Peck and Rosengren [23] document how poorly-capitalized banks allocated credit inefficiently
in the 1990s in Japan.



2 Measurement of Distortions and Resulting Aggregate
TFP and Establishment-Size Distribution

In this section, we first describe how we measure establishment-level distortions
on capital and output, as well as the effect of such distortions on aggregate produc-
tivity and establishment size distribution. Then we apply the methodology to a rich
dataset of manufacturers in Japan.

2.1 Model

We follow HK and set up a static, partial equilibrium model of monopolistic com-
petition. There are a representative final good producer, representative industrial
good producers, one for each industry, and many differentiated good producers in
each industry. The final good producer and the industrial good producers operate
in a perfectly competitive market, while differentiated good producers operate in a
monopolistic market.

The final good producer combines the output Y of industry s € {1, ..., S} and
produces output Y using a Cobb-Douglas production technology:

S S
2.1) Y =Y where) 6,=1.
s=1 s=1

Denoting the price of industrial good Y by P, cost minimization and the com-
petitive market assumption imply

2.2) P.Y, = 0,PY,

where P = || (%) . represents the final good price and equals the marginal cost.
We choose the final good as the numeraire, so that P = 1.

Industrial good producer s combines differentiated product si € {1,..., M}
to produce industry output Y using a constant elasticity of substitution (CES) pro-
duction technology:
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Note that we allow for the elasticity of substitution (o) to vary across industries.
Denoting the price of differentiated good si by Ps;, cost minimization and the
competitive market assumption imply

1

1 1
2.4) Py=PYsY, ",

o represents the price elasticity of demand for differentiated good si.



Producer st produces a differentiated good Y;; from capital Kg; and labor Lg;
using a constant returns to scale Cobb-Douglas production technology with id-
iosyncratic TFP, Ag;,

(2.5) Yy = A K% L.

We consider two kinds of distortions that lead marginal revenue to divert from
marginal cost. One is output distortion, 7Ty;, while the other is capital distor-
tion, Tx ;. Alternatively, we could consider labor and capital distortions; however,
whichever we choose does not affect our measures of aggregate TFP efficiency
(TFPGAIN or TFPGAP) below or the establishment-size distributions that would
be realized if we removed distortions.? Although 7y and 7% are treated as exoge-
nous parameters in this section, they may in fact be affected by numerous factors,
with taxes and subsidies being obvious candidates. For example, 7y is likely to
be higher for firms on which government imposes strict regulations on production.
It is also likely to be higher for firms that are protected from entry of competi-
tors, although such firms voluntarily restrict their output. On the other hand, 7y is
likely to be lower for firms that, for example, have access to preferential govern-
ment treatment in special zones (such as export processing zones and special zones
with laxer regulations and simplified administrative procedures*). Similarly, 75 is
likely to be higher for firms that depend on costly external finance and lower for
firms that have better access to credit.

Producer si’s objective is to maximize profits subject to demand (2.4) and tech-
nology (2.5):

(2.6) Iy = (1 — 7ysi) PsiYsi — wLgi — (1 + Txsi) RK i,

where w is the wage rate and R is the rental cost of capital.

2.2 Measuring Producer-Level Distortions and Productivity

Based on the above setting, we describe how we measure producer-specific dis-
tortions from observable data. From producer si’s optimal decision and demand
function (2.4), we obtain

as  whlg;
1—as RK;’

Q2.7) 1+ Trsi =

3Suppose alternatively that the producer faces labor distortion 7} ; and capital distortion 7.
Ty nd 1 T = A
It could be said that in the case we consider, output and capital distortions are standardized in terms
of labor distortions. We can identify only two of the distortions on output, capital and labor, because
there are two factors of production and hence two first order conditions on the input decision.

4y apan, for instance, enacted the Law on Special Zones for Structural Reform in 2002 and has set
up numerous special zones to demonstrate the effects of deregulations.

Then, comparing the first order conditions, we see that 1 — 7ys; =
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We can observe wage compensation wLg; and nominal output Ps;Ys; for each
producer si. By setting the rental cost R at a plausible value, we can obtain Tx;
and 7yg; from (2.7) and (2.8). Although we cannot observe kg, this does not affect
Ag; relative to the industry TFP and hence reallocation gains.5 We therefore set
ks = 1. We can then obtain Ag; from observable nominal output Ps; Y; using (2.9),
even though producer si’s price Pg; and output Yy; are not separately observable.
To derive Y;, we raise Ps;Y; to the power of ~%5 based on demand function (2.4).
We call Ag; “physical productivity” or “TFPQ” and distinguish it from “revenue-
based productivity” or “TFPR” (= P,;As;) hereafter following Foster et al. [13]
and HK.® We obtain producer si’s TFPR as follows:

0100 TFPRy = (o) (BY" (v ) " k)™
. ) o—_1 o 1—048 ]_—TYS,L' .

2.3 Aggregate TFP

Once we have measured producer-level distortions and TFPQ, it is straightforward
to derive aggregate TFP. We describe the derivation in Appendix A. The basic idea
is the following. (2.10) shows that without distortions, revenue-based productiv-
ity (TFPR) would be equalized across producers within an industry even though
physical productivity (TFPQ) differs: a more productive producer operates at a
larger scale and sells its product at a lower price. To the extent that revenue-based
productivity differs across producers, aggregate TFP is lower than the efficient
aggregate TFP, which would be achieved without any distortions. Aggregate TFP
thus depends on the deviations of T'F' P R,; from its industry-level average for each
industry.

We call the ratio of the actual aggregate TFP to the efficient aggregate TFP
TFPGAP. Specifically, we define TFPGAP as the ratio of actual aggregate output
to the efficient aggregate output that would be achieved without output or capital
distortions while keeping the industry-level capital and labor at the actual levels.
We also report TFPGAIN, which measures the gains of TFP from removing all
distortions, i.e., TFPGAIN = 7515 — 1.

5The industry TFP refers to TF P, in Appendix A.
®Note that TFPQs = ——si, while TFPRy; = —ZLsi¥si_ With the notable ex-

K“,s;ffas Kespl-os
ceptions of Foster et al.[13] and HK, researchers have conventionally used TFPR as a measure of
establishment- or firm-level productivity, although TFPR is not adjusted for the idiosyncratic price
level.



To quantify the effects of only capital distortions on aggregate TFP, we intro-
duce TF PG AP, pitq; as well, which is the ratio of the actual aggregate output to
the aggregate output that would be achieved only without output distortions while
keepmg the industry-level capital and labor at the actual levels. TF' PG AIN opitqr =
m 1 measures how much aggregate TFP would increase if capital
distortions were removed.

Let us clarify the concept of TFPGAP (and TFPGAIN) employed here. First,
TFPGAP is an efficiency measure relative to the highest TFP achievable without
idiosyncratic distortions given the market structure of monopolistic competition.
It is not an efficiency measure relative to the highest TFP achievable without any
distortions in a competitive market, where the most productive producer would
take all the market share.” Second, TFPGAP measures the allocation efficiency
and as such reflects the variation in, not the average of, distortions across produc-
ers. In this regard, the measurement of misallocation contrasts with business cycle
accounting (e.g., Chari et al. [8]), which focuses on the fluctuation in the aver-
age level of distortions over time. Third, although TFPGAP is measured given the
actual allocation of capital and labor across industries, the Cobb-Douglas aggre-
gation across industries (2.1) means that TFPR equalization would not affect the
allocation of capital and labor across industries because the rise in an industry’s
productivity would be exactly offset by a fall in its price index.® Finally, TFPGAP
is a measure of the allocation efficiency given total resources. A rise in average
capital distortions, for example, is likely to reduce capital accumulation and hence
output. However, it does not necessarily lead to inefficient allocation for a given
total amount of capital.

2.4 Size Distribution

Next, we consider some of the implications that distortions have for the size distri-
bution in terms of output. Producer si’s first order conditions yield:

Q2.11)
log(Ysi) = oslog(l — 1y ) — asoslog(l + T si) + oslog(As;) + const,

where const is a term that does not depend on producer si. (2.11) suggests that
distortions affect the size distribution. Specifically, (2.11) suggests that log(Yy;) is
likely to be more dispersed the more dispersed distortions to either output or capital
(or both) are, the less positively (or more negatively) distortions to either output or
capital are correlated with TFPQ, and the more positively (or the less negatively)
distortions to output and capital are correlated with each other. We will show how
the size distribution would change if we hypothetically removed capital and output
distortions.

" Appendix A shows that our measure of efficient sectoral TFP, A, depends on the price elasticity
of demand, 0.

$HK show that their results about the Chinese and Indian TFPGAPs are not very sensitive to the
assumption of the Cobb-Douglas aggregation.



2.5 Data

The data we use for our analysis are the establishment-level data underlying the
Census of Manufactures published by the Ministry of Economy, Trade and In-
dustry. In years ending with 0, 3, 5, and 8, the Census covers all establishments
located in Japan (excluding those belonging to the government) and falling into
the manufacturing sector.” In other years, the Census covers establishments with
four or more employees. Since we need data on fixed tangible assets to construct
establishment-level TFPQ, we use only those establishments for which such data
are available. The Census reports fixed tangible assets for establishments with 10
employees or more for 1981-2000 and 2005, and for those with 30 employees or
more for 2001-2004 and 2006-2008.

The greatest merit of the Census is its long time horizon and the wide cover-
age of establishments in the manufacturing sector. On the other hand, an obvious
shortcoming of the Census is that it excludes establishments in non-manufacturing
industries.'?

We use Census data for the period from 1981 to 2008. Information from the
Census that we use is an establishment’s labor compensation (excluding non-wage
compensation), value added, and capital stock as well as what industry (at the four-
digit level) it belongs to. We reclassify establishments into 51 industries based
on the Japan Industrial Productivity (JIP) Database, published by the Research
Institute of Economy, Trade and Industry (RIETI), to use the industry-level labor
shares of the JIP Database as described below.

To measure establishment-level distortions and TFPQ, we adjust the quality
of workers and hours worked based on the assumption that the quality and hours
worked is reflected in the establishment-level wage relative to the industry average.

We set the rental price of capital to R = 0.1, based on our assumption that
the interest rate is 4% and the depreciation rate is 6%. Another reason for setting
the value of R = 0.1 is that we intend to compare our estimates for Japan with
those for the United States by HK, who use the same value. We set the elastic-
ity of substitution between products, o5, based on Broda and Weinstein [5] as a
baseline. Specifically, we reclassify the JIP industry classifications to the Rauch
[26]’s three goods categories, i.e., commodity goods, reference-priced goods, and
differentiated goods (see Table 1) and set o to 4.8, 3.4, and 2.5 for 1981-1989 and
3.5,2.9, and 2.1 for 1990-2008 for each category. These values are taken from the
median value of each category for 1972-1988 and 1990-2001 estimated by Broda

? Although the data are at the establishment level and not the firm level, most of the establishments
are owned by single-establishment firms. In 2008, for example, 84.4% of the establishments (222,145
out of 263,061 establishments) were owned by single-establishment firms.

10 Another micro-level data source frequently used in studies on producers in Japan is the Finan-
cial Statements Statistics of Corporations by Industry (FSSC) published by the Ministry of Finance,
which does cover firms in both manufacturing and non-manufacturing industries. However, firms
with equity capital of less than 600 million yen (about 7.5 million dollars) are randomly sampled in
the FSSC, which makes it difficult to construct a panel dataset.



and Weinstein [5].!! To compare our results with those of HK, we alternatively set
os = 3 for all the industries for the entire period, which is the same as the value
used by HK. The TFP gap is increasing in o, so we chose o conservatively given
that estimates of the substitutability of competing manufactures range mostly from
2to 8.1

We set ag as one minus the industry-level labor share, meaning that we assume
that in each industry rents from mark-ups are divided pro rata into payments to
labor and capital. Industry-level labor shares are taken from the JIP Database.

To exclude outliers, we trim the 1% tails of the marginal revenue of capital, the
marginal revenue of labor, and TFPQ, all of which are standardized by the industry
averages, and recalculate the industry-level variables.'> The number of establish-
ments per observation year varies from 39,981 to 170,789 during the period we
focus on. The number of total establishment-year observations in our dataset is
3,565,341. See Appendix B for more details on how we constructed our dataset.

2.6 Aggregate TFP Losses and Establishment-size Distribution

In this subsection, we report the results from using os based on Broda and Wein-
stein ([5]) unless otherwise specified. Figure 1 depicts the distribution of the mea-
sured establishment-level values of log(As;), log(1 — Tys;i), and log(1 + Txksi),
while Table 2 provides the descriptive statistics of log(As;), Ty si,» and Txs;. The
standard deviation of log(As;) from its industry mean is 2.02."* The median val-
ues of Ty g; and Tx; are -0.39 and 0.71, respectively, suggesting that a typical firm
obtains subsidies” on its output and pays taxes” on its capital.

""Broda and Weinstein [5] estimate elasticities of substitution among goods using the U.S. trade
data (the Tariff System of the U.S.A. (TSUSA) seven-digit for 1972-1988 Harmonized Tariff Sys-
tem (HTS) ten-digit for 1990-2001. Using their estimates, we implicitly assume that elasticities of
substitution among goods produced in Japan are the same as those among U.S. imports.

I2Using U. S. trade data, Broda and Weinstein [5], for example, find that the median value of the
elasticity of substitution ranges from 2.2 to 3.7, depending on different aggregation levels and time
periods. Meanwhile, Cooper and Ejarque [10], conducting a structural estimation of investment,
found that the estimated elasticity of profits with respect to capital was around 0.7, which, together
with a capital share of 1/3, implies a markup of about 15%, which is equivalent to a o of about 8.
Finally, using establishment-level data from Japan’s Census of Manufactures for the period 1981-
2000, Kwon et al. [20] estimated production functions by industry and found average returns to
scale, which correspond to "T_l, ranging from 0.461 to 1.038, suggesting that the lower bound of &
is 1.855.

3 Specifically, we trim the 1% tails of log(M RPK,; /M RPK ), log(M RPLs; /M RPL) and
log(As;i/A,) and recalculate wL, K, P.Ys, TEPRs, 05, A,, and A,. See Appendix A for the
definitions of these variables.

'“The estimate of the standard deviation of log(As;) here is larger than that by HK (0.83 on
average for the three observation years). When setting o to the same value adopted by HK, 3, we
find that he standard deviation of log(As;) from its industry mean is 0.97, much closer to that by
HK. HK suggest that one of the reasons for the difference between their estimates and the estimate
by Foster et al. [13], which is 0.22, is that their (and hence our) TFPQ estimates should reflect the
quality and variety of a establishment’s product, not just the establishment’s physical productivity.
Another reason is that HK’s results (and ours) cover all industries, whereas Foster et al. analyze only
eleven industries whose products are deemed to be homogeneous.




Table 3 shows that the TFPGAP arising from both types of distortions is 0.717
on average during the observation period, suggesting that without any distortions
aggregate TFP would be 39.6% higher. Setting o to 3, we find that the TFPGAP
and the TFPGAIN do not substantially change, which are 0.690 and 44.9%, re-
spectively. With the caveat that we have not examined our results for potential
measurement error or model misspecification, let us compare our result from set-
ting o to 3 with that for the United States obtained by HK.! If, hypothetically,
capital and labor were reallocated in Japan to equalize marginal products to the
extent observed in the United States, manufacturing TFP in Japan would increase
by 6.2%. Moreover, if capital and labor were hypothetically to be reallocated in
Japan to equalize marginal products to the extent observed in the worst year in the
United States, manufacturing TFP in Japan would rise by 1.4%, which is much
smaller than HK’s estimates for China (30%-50%) and India (40%-60%). To ex-
amine whether our results for Japan’s TFPGAIN are plausible or not, we need an
appropriate proxy for allocation efficiency across countries. Although far from an
accurate proxy, we use the country ranking provided in World Bank [29], which
compares regulations for domestic firms in 183 economies and ranks them in the
order of ease of doing business as of 2010.! Our estimate of Japan’s allocation
efficiency, which lies between HK’s estimates for China and India on one hand and
their estimates for the United States on the other, is roughly consistent with the
World Bank ranking: the United States, Japan, China, and India rank in 4th, 20th,
91st, and 132nd place, respectively. As for specific factors that result in inefficient
allocation, HK point out state ownership of establishments in China and licensing
and size restrictions in India. In Japan, most manufacturing establishments are pri-
vately owned and not subject to licensing or size restrictions. This may explain
why resource allocation in the manufacturing sector is substantially more efficient
in Japan than in China or India.

Table 3 also shows that T'F'PGAPqp;tq is 0.826 (in the case of os based on
Broda and Weinstein ([5]), suggesting that aggregate TFP would rise by 21.1% if
capital distortions were removed, which accounts for about half of the TFP gain
from removing distortions on both capital and labor (39.6%).

Table 4 shows the actual-to-efficient TFP by industry averaged over 1981-2008,
indicating a large variation in allocation efficiency across industries ranging from
the least efficient pharmaceutical products industry (0.524) to the most efficient
rubber products industry (0.832).

Next, we calculate the efficient size distribution that would be realized without
any distortions and compare it with the actual size distribution. Both the actual and
efficient size distributions are calculated by pooling all the establishment-year ob-

'>The comparison between Japan and the United States is not precise because we set cs based on
the JIP database, while HK set it from the NBER productivity database.

16The World Bank ranking is based on a number of quantitative measures of regulations for start-
ing a business, dealing with construction permits, getting electricity, registering property, getting
credit, protecting investors, paying taxes, trading across borders, enforcing contracts, and resolving
insolvency.



servations. We measure establishment size in terms of value added. As discussed
above, (2.11) suggests that removing distortions may or may not reduce size dis-
persion depending on the variance of distortions, depending on their correlation
with TFPQ, and their correlation with each other. Figure 2 shows that the efficient
size distribution is more dispersed than the actual one. Table 5 presents a number
of key statistics on the actual size distribution (in column (1)) and the hypotheti-
cal efficient size distributions in the baseline case(in column (2)). We see that the
interquartile range (i.e., the difference between the upper and lower quartiles) of
the efficient size distribution is slightly larger than that of the actual one. Looking
at the size distribution in detail, we find that without distortions, the largest estab-
lishments (top 0.01% to top 20%) should have a larger share, while the smallest
establishments (bottom 20%) should have a smaller share. Setting o5 to 3, we find
(unreported to save space) that although the results for the size distribution do not
qualitatively change, the difference between the hypothetical size distribution in
this case and the actual one is much larger than in the baseline case (o5 based on
Broda and Weinstein ([5]). Our result from o being 3 are similar to the result
obtained by HK for the United States.

To examine the effects of only capital distortions on the size distribution, we
also examine the hypothetical size distribution that would be realized if we re-
moved output distortions while keeping capital distortions as they are. Figure 3
compares the actual distribution with this hypothetical distribution and shows that
the the hypothetical distribution is more concentrated than the actual distribution.
2. This is also confirmed in Table 5, where the distribution with distortions on
capital only is shown in column (3). Interestingly, without output distortions, the
largest establishments (top 0.01% to top 20%) should have a larger share, while the
smallest establishments (bottom 20%) should have a smaller share than the actual
distribution. On the other hand, comparing the two hypothetical distributions in
columns (2) and (3), we see that removing capital distortions would increase the
interquartile range of output. Removing capital distortions increases the share of
the largest establishments and decreases the share of the smallest establishments.

2.7 Robustness

In order to examine the robustness of our baseline calculations of the hypotheti-
cal efficiency gains and establishment-size distributions, we conduct a number of
checks.

First, we calculate TFPGAP and the hypothetical size distributions for three
subperiods, 1981-89, 1990-99 and 2000-08. Table 6 shows the results. TFPGAP
declines over the three decades, suggesting that the efficiency of resource alloca-
tion in Japan worsened. This tendency is also evident in Figure 4, which depicts
TFPGAP over time. While Japan has gradually deregulated in various fields, in-
cluding financial markets, over the last three decades, the decline in GDP growth
may have impeded the smooth reallocation of resources.!” Our findings concern-

'"Regulations on corporate bond issuance, for example, started to be gradually relaxed in the 1980s

10



ing the size distribution are valid for all three subperiods. That is, the efficient
distributions that would be achieved without capital or output distortions are more
dispersed with larger shares of the top 1% establishments and smaller shares of the
bottom 20% establishments than the actual distribution.

Next, to see whether our results are sensitive to the change in the coverage of
the Census over time, we redo our calculation using the data of 1981-2000 and
2003, in which all the establishments with 10 employees or more are covered. The
results are reported in Column (2) of Table 7. We find that the TFPGAPs did not
virtually change: TFPGAP and TFPGAP,qpitq are 0.722 and 0.832, respec-
tively. Although the actual and hypothetical size distributions change from the
baseline results, it still holds that the hypothetical, efficient size distributions that
would be realized without capital or output distortions would be more dispersed
with larger shares of the largest establishments and the smaller shares of the small-
est establishments.

Thirdly, we employ an alternative approach to treating outliers. In the base-
line, we drop outliers lying in the 1% tails of the marginal revenue of capital, the
marginal revenue of labor, and TFPQ, all standardized by the industry averages.'®
In the alternative approach, we use a 2% cut-off for the standardized marginal rev-
enues of labor and capital and TFPQ. Column (4) shows that the hypothetical TFP
gains from removing all distortions fall from 39.6% to 31.6%, while the TFP gains
from removing only capital distortions fall from 21.1% to 15.5%. Thus, the mea-
surement error in the 2% tails may be important, but there still remain large gains
from removing distortions. In addition, HK report a similar fall in their measure-
ment of TFP gains for China and India (from 87% to 69% for China, and from
128% to 106% for India) when the 2% threshold is employed. Thus, the difference
between the potential efficiency gains in Japan on the one hand and China and In-
dia on the other remain virtually the same. Moreover, comparing the hypothetical
size distributions and the actual distribution yields results similar to the baseline
results.'”

Finally, we set o5 = 6 for all the industries to examine the sensitivity of our
results to the elasticity of substitution among goods within an industry. The results
are reported in Column (4) of Table 6. We find that the TFP gains from removing
both output and capital distortions amount to 36.7% in the case of o, = 6, which
is slightly lower than the 39.6% in the baseline case(column (1)). The TFP gains
from removing capital distortions also decrease from 21.1% to 9.5%. Most of the
implications of distortions for the establishment-size distribution are similar to the
baseline results. Overall, these results suggest that the effects of distortions are
quantitatively somewhat sensitive to this elasticity, while they are not qualitatively
SO.

and were completely lifted in 1996 (Hoshi and Kashyap [16]).

18See footnote 13.

'We further analyze how our measures of distortions and TFPGAP are affected by the misspeci-
fication of production technology. Specifically, we investigate the case where land (and other natural
resources) is required as an input. See Appendix C.
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2.8 Entry and Exit

In this subsection, we analyze how the distortions affect establishment entry and
exit using the baseline estimates of output and capital distortions. Given the elas-
ticity of demand to price (o), distortions are likely to lower profits, and thus po-
tentially lower the share of new entrants and heighten the probability of exit. If,
however, entry restrictions hinder potential entrants’ entry and give incumbents
high rents, then entry restrictions will manifest itself as a high output distortion
and, at the same time, may lower the probability of exit. Calibrating a general
equilibrium model of firm dynamics, Bartelsman et al. [3] find that misallocation
distortions have a significant impact on endogenous selection, i.e., entry and exit.
We examine this relationship using our establishment-level dataset. Specifically,
we estimate the following Probit model:

(2.12) Prob(Exitg;; = 1)
TFPQsit—
TFPst
+  Balog(1 — Tysit—1) + Balog(1 + Trsit—1)
+ Bslog(agesit—1) + yeardummy; + industrydummys + €,

= B1Adjusted TFPRy—1 + 2

where s denotes industry, ¢ denotes establishment, and ¢ denotes year. The depen-
dent variable is the exit dummy that takes one if establishment 7 in industry s exits
in year ¢, and zero if it survives. The first term in the right hand side is the industry-
level average of the revenue-based productivity (T'F'PR,;;) in year ¢ adjusted for
the difference in the elasticity of substitution among industries (0).2° The higher
the industry-level averages of output and capital distortions are, the greater the
industry-level average of the revenue-based productivity and the smaller number
of establishments are expected to exit. Therefore, the coefficient on TF'PR; is
expected to be negative. The second term is the establishment TFPQ relative to its
industry average. The natural selection hypothesis implies that an establishment
with lower TFPQ is more likely to exit. Therefore, the coefficient on the second
term is expected to be negative. The third term, which represents the logarithm of
one minus the output distortion, is expected to take a negative coefficient if output
distortions depress profits and promote exits. On the other hand, if entry restric-
tions result in output distortions and give incumbents high profits, then the third
term is expected to take a positive coefficient. The fourth term, representing the
logarithm of one plus the capital distortion, is expected to take a positive coeffi-
cient if, for example, establishments that face external finance constraints are more
likely to exit.?! The fifth term is the logarithm of establishment age, i.e., the num-
ber of years passed since its foundation. Existing studies (e.g., Evans [12]) find

2See (A.1) in Appendix A for the definition of adjusted TF P Rs:. The results in Tables 8 and 9
do not virtually change if we replace adjusted TF PRs; with TF PR;.

2ly¢ log(1 — Ty sit—1) and log(1 + Tisit—1) are replaced with 7yv-s;:—1 and Tx s;¢+—1, respectively,
the estimation procedure was not converged.
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that young firms or establishments are more likely to exit. Given such evidence,
we expect the fifth term to take a negative coefficient. We add the second- to fourth-
order terms of the logarithm of establishment age to take into consideration a possi-
ble nonlinear relationship between age and exit probability. Finally, yeardummy
and industrydummy represent a year dummy, which captures macroeconomic
shocks, and an industry dummy, which captures industry-specific effect, respec-
tively.

Table 8 shows the estimation results. First, the marginal effect of the industry-
level revenue-based productivity is negative and significant, showing that estab-
lishments falling into industries with higher average distortions are more likely
to exit. Second, the marginal effect of the establishment-level TFPQ relative to its
industry average is negative and significant, which is consistent with the natural se-
lection hypothesis. Thirdly, the establishment-level output and capital distortions
significantly heighten the exit probability, suggesting that those distortions depress
profits. For example, the exit probability of an establishment whose log(1 — 7v)
is lower by one standard error (0.706) is higher by 1.5%, while the exit probability
of an establishment whose log(1 + 7 ) is higher by one standard error (1.141) is
higher by 1.5%. Finally, the logarithm of establishment age is negative and signif-
icant, as is expected, while the second- to fourth-order terms of the logarithm of
establishment age are not significant.

Next, we analyze how the industry-level share of new entrants is correlated
with the industry-level distortions by estimating the following industry-level panel
model:

(2.13) Entrys = p1Adjusted TF PR + industrys + year; + €,

where s and ¢ denote industry and year, respectively. The dependent variable is
the share of new entrants in the total number of establishments in the industry the
entrant falls into. We define new entrants as the establishments that are newly
filed in the Census, which covers all establishments with 10 or more employees.
Among the explanatory variables, Adjusted T'F' P R; is the industry-level average
of revenue-based productivity adjusted for the difference in the elasticity of substi-
tution among industries, which is higher as capital and output distortions are larger.
industrys and year; are industry- and year- dummies, respectively. The observa-
tion period is limited to the years for which the Census consecutively covers all
establishments with 10 or more employees, that is, 1982-2000. 2>

Table 9 shows the estimation results. The coefficient on T F' PR, is negative
and significant, suggesting that the higher the industry-average distortions are, the
lower the share of new entrants is.

2We tried both random industry-effect model and fixed industry-effect model, but we could not
conduct the Hausman test since the difference between the two models are too small. Omitting year
dummies, we could conduct the Hausman test, which rejected the fixed effect model. Therefore,
we report the estimation results of the random industry-effect GLS model, although the sign and
significance of Adjusted T F' PR, are the same between the random and fixed effect models.
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In sum, output and capital distortions affect the entry and exit of establish-
ments as well as the size distribution of incumbent establishments. The higher the
industry-average distortions are, the smaller the shares of entering and exiting es-
tablishments are in the industry. Furthermore, within an industry, the larger the
output and capital distortions an establishment faces, the higher the probability of
exit is for that establishment.

2.9 Establishment-level Productivity Growth

Thus far we have analyzed the effects of establishment-level distortions on the ag-
gregate productivity, the size distribution, and the entry and exit behavior given
the establishment-level physical productivity (TFPQ). In fact, however, distortions
may affect the establishment-level physical productivity as well. Midrigan and Xu
[21], for example, show that financial frictions affect firms’ technology adoption
and thus productivity. 23 In this subsection, we explore this possibility by estimat-
ing the following equation:

TFPQso

(2.14) GTFPQsi = Bo + ﬁlm + BaTysio + B3TK sio

+yeary + industrys + €,

where the subscripts s, 7, and ¢ respectively denote the indexes of industry, estab-
lishment, and year. The subscript 0 denotes the year when the establishment enters
the market. The dependent variable, GI'F P(Q);, is the average growth rate of es-
tablishment ¢ falling into industry s over the years after entrance. The numerator
of the first variable in the right hand side, T'F' P(Qs;0, is the physical productivity
of establishment ¢ in the year of entry. The denominator, T'F P() 4, is the industry-
average of the physical productivity of the industry that establishment ¢ falls into
in the year of i’s entry. The second and third variables represent the output and
capital distortions in the year of entry. yeary denotes the year dummy at the time
of entry, and industrys denotes the industry dummy.

The estimation results are shown in Table 10. Column (1) shows the results for
the whole observation period (1981-2008), while Column (2) indicates the results
for the sub-period of 1981-2000. In the whole observation period, establishments
with less than 30 employees are not included in 2001-2004 and 2006-2008, while
in the sub-period of 1981-2000, such small establishments are included in all the
observation years.>* Despite such differences in the establishments and the peri-
ods covered, the two results are both qualitatively and quantitatively similar. The

BSee also Akiyoshi and Kobayashi [1] for a theoretical analysis on the external financial con-
straints and firm productivity.

2*This is because the Census reports fixed tangible assets for establishments with 10 employees or
more for 1981-2000 and 2005, and for those with 30 employees or more for 2001-2004 and 2006-
2008, as we explained in Section 2.5
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coefficient on the first variable is negative and significant, suggesting that estab-
lishments that entered with relatively high physical productivity exhibit low TFPQ
growth rates subsequent to entry. The coefficient on the second and third variables
are both negative and significant, suggesting that output and capital distortions sig-
nificantly lower the TFP growth rate subsequent to entry. We can interpret this
result in two ways. First, high measured distortions reflect learning, research and
development, establishment of customer base, and other unobservable investment,
which result in subsequent high TFPQ growths. HK find a negative correlation
between the establishment-level revenue productivity (TFPR) and the growth rate
of physical productivity (TFPQ), interpreting this finding as suggesting that mea-
sured distortions reflect unobservable investment. The other way of interpreting
our finding here is that low (or negative) measured distortions reflect low (or nega-
tive) actual distortions, such as subsidy, which result in high growth rates of TFPQ.
According to this interpretation, strict regulations, which result in high distortions,
are likely to hinder the TFPQ growth rate at the establishment level.

3 Sources of Distortions

In this section, we explore the sources that result in establishment-level distortions.
Although measured distortions are not free from measurement errors, if measured
distortions are systematically correlated with establishment- or industry-level vari-
ables, measured distortions are not just measurement errors, but capture real dis-
tortions to some extent.

First, we analyze the relationship between distortions and physical productiv-
ity (TFPQ). Figures 5 and 6 show the distribution of output and capital distortions
(log(1 — 7Tysi) and log(l + Tk;)), respectively, for the three classes of estab-
lishments: those with their physical productivity relative to its industry average
(log(Asi/ Zs)) lie in the highest 25%, the middle 50%, and the lowest 25%. Fig-
ure 5 shows that the higher the relative TFPQ is, the higher the output distortion
is. On the other hand, Figure 6 shows that the higher the relative TFPQ is, the
lower the capital distortion is, though the difference in capital distortions between
establishments with high and low relative TFPQ is small.

Next, considering that a number of preceding studies show that financial fric-
tions result in distortions, which, in turn, result in misallocation of resources and
aggregate TFP losses (Jeong and Townsend [19], Amaral and Quintin [2], Buera et
al. [6], Moll [22], and Midrigan and Xu [21], Gilchrst et al. [14], Greenwoowd et
al. [15], and Pratap and Urrutia [24]), we focus on borrowing constraints as a fac-
tor of distortions. If the supply of external finance is limited due to informational
or contractual frictions, then establishments that are more dependent on external
finance are likely to be subject to greater distortions. We empirically examine
whether this is the case.

Following Rajan and Zingales [25], we measure external finance dependence
as the difference between capital expenditures and cash flow from operations di-
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vided by capital expenditures. Cash flow from operations is the sum of current
profits, depreciation, increases in notes payable, and increases in reserves for pos-
sible loan losses minus the sum of increases in notes receivable, corporate taxes,
and increases in inventory. We use the industry-level median of external finance
dependence using a dataset of Japanese listed firms over the period of 1981-2007.
The database we use is the NEEDS-Financial Quest compiled by Nikkei Digital
Media, Inc. The industry classification is based on the JIP Database, which con-
tains 51 manufacturing industries.

We use the external finance dependence ratios of publicly listed firms rather
than those of our sample establishments for the following reasons. First, informa-
tion on external financing by our sample establishments is not available. Second,
even if such information were available, it would not be useable because it would
reflect the equilibrium between the demand for external funds and its supply. This
is problematic since we need a measure of the demand for external finance to test
whether a establishment that demands a large amount of external funds faces large
distortions. Publicly listed firms, on the other hand, are less likely to be constrained
by the supply of external funds and consequently their external finance dependence
ratios are more likely to reflect only the demand for external finance than small and
unlisted firms, which constitute most of our sample firms. Finally, financial state-
ments of publicly listed firms are less susceptible to measurement errors than those
of unlisted firms. The external finance dependence ratio for each industry is as-
sumed to depend on industry-specific technological factors, including the initial
project scale, the gestation period, the cash harvest period, and the requirement for
continuing investment.?’

A complicating factor in calculating the external finance dependence ratio is
that it is difficult to find a period in which supply factors did not play a role: while
financial market deregulation was more or less completed in the mid-1990s (see,
e.g., Hoshi and Kashyap [16]), this was immediately followed by the banking crisis
in Japan (1995-2005). We therefore chose to take the long-run average of external
finance dependence to lessen the supply factors arising from the regulations and the
banking crisis. We excluded the year 2008, when the global financial crisis affected
Japanese financial markets. Table 11 shows the external dependence ratios across
industries in descending order.

We conduct the following establishment-level regression using weighted least
squares with industry value-added shares as weights:

3.1) Distortiong: = BFing + vXsit + aYeary + €gt.

The dependent variable, Distortiong;, is either TFPRGAPs; = (1"1‘7'}(75“&)5,

1—7y

Ty sits OF Tk sit, Where T'F'P RG A Py 1s the ratio of the actual TFPR to the efﬁ01ent
TFPR (see (2.10)).

»Rajan and Zingales [25] use the industry-level median of US publicly listed firms to examine
whether industrial sectors that are relatively more in need of external finance develop disproportion-
ately faster in countries with more developed financial markets.
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The explanatory variables are F'ing, our measure of external finance depen-
dence, X, a vector of establishment- and industry-specific control variables de-
scribed below, and Y ear;, a year dummy. €g; is the disturbance term.

As control variables X ;;, we include an establishment size, which is measured
as the log of the number of employees; organization dummies representing whether
a firm is a sole proprietorship, a corporation, or a cooperative (the latter is used as
the reference category); an industry-level index of government regulation; a set of
variables to gauge the age structure of workers in an industry, consisting of the
share of workers in each 10-year age brackets (e.g., 20-29 year olds, 30-39 year
olds, etc., with the under 20 age bracket used as the reference group); and the
average share of part-timers in an industry. The establishment-level variables are
taken from the Census, while the industry-level variables are taken from the JIP
Database.

The expected signs for these variables are as follows. The regulation index
is expected to take a positive coefficient in all regressions. Next, establishment
size may take either sign in the regressions for 75 4;; and TF P RG A Py If subsi-
dies to SMEs, especially subsidized credit from state-owned financial institutions,
reduce the external financing costs of smaller firms, then establishment size will
take a negative coefficient. On the other hand, if small firms are more opaque and
more likely to be financially constrained, then establishment size will take a pos-
itive coefficient. Turning to the organization dummies, since proprietorships tend
to be smaller than cooperatives, the sole proprietorship dummy is expected to take
the opposite sign to that on establishment size. On the other hand, the corpora-
tion dummy is expected to take the same sign as establishment size. As for the
labor-related variables, we expect that regular workers and older workers are more
secure in their jobs and receive higher wages relative to their productivity than
part-timers and younger workers. If this is the case, the coefficient on the share of
part-timers will take a negative coefficient, while the shares of workers in higher
age brackets will take positive coefficients in the regression for 1y and possibly
in the regression for T'F PRGAP;,;;.2% On the other hand, firms may be willing to
pay high wages to part-timers relative to their labor productivity because they are
more easy to hire than full-time workers. In this case, the share of part-timers will
take a positive coefficient in the regression for 7y;; and possibly in the regression
for TFFPRGAPg;.

The number of observations for which data is available is 3,424,558. From
these observations, we drop those for which the dependent variables fall in the
top and bottom 2% in each distribution, leaving us with the number of observa-
tions ranging from 3,324,795 to 3,336,281 depending on the dependent variables.
The estimation results are shown in Table 12, where standard errors are adjusted
for clustering at the industry level. The first to third columns show the regres-

%Under a seniority-based wage system, firms may pay high wages to older workers relative to
their productivity in order to give young workers incentives to acquire firm-specific skills. Such a
wage system may enhance long-run firm-level productivity even when it leads to static distortions.
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sion results for TF PRG APy, Ty sit, and Tg ¢, respectively. As for the external
finance dependence variable, its coefficients are positive and significant in the re-
gressions for all the distortion variables, although the significance level for 7 g;; is
marginal.”’ The regression in column (4) again uses Tx4;; as the dependent vari-
able, but also includes the log of firm age. The reason for including firm age is that
theoretical and empirical studies suggest that young firms are more likely to be fi-
nancially constrained (see, e.g., Diamond [11] and Sakai et al. [28]). The result in
column (4) is consistent with those preceding studies; that is, Log(age) in column
(4) is significant and negative.

The coefficient on TFPQ is positive and significant in the regressions for T'F' P RG A Ps;;
and 7y, the latter of which is consistent with Figure 5, while it is negative and
significant in the regressions for Tx 4.

Among the control variables, the regulation index is not significant. Size (log
of the number of employees) takes negative and significant coefficients for all the
distortion variables. We should be careful to note, however, that establishment size
potentially is an endogenous variable that is affected by the degree of distortions.
The dummy for sole proprietorships takes negative and significant coefficients in
the regressions for TF PRG AP;;; and Ty, while it takes positive and signifi-
cant coefficients in the regressions for 7x ;. The latter result is consistent with
the view that sole proprietorship is more difficult to obtain external finance than
corporations, although the corporation dummy takes no significant coefficient. All
the variables representing the share of workers in each of the age groups (with
under 20s as the reference group) takes positive and significant coefficients in the
regressions for TF'PRG A Ps;; and Ty ;¢, suggesting that firms pay high wages to
over-20s workers relative to their productivity. This result suggests that a seniority-
based wage system is prevelent among Japanese firms.”® In the regressions for
TKsit, only the share of workers aged 50s is negative and marginally significant.
Finally, the share of part-timers does not take a significant coefficient in any re-
gressions.

We further add to the explanatory variables an export dummy that takes one if
the establishment exports. Due to data availability, the observation period is limited
from 2001 to 2008. Exporters may potentially face higher costs associated with
exports or various taxes and transportation costs. If this is the case, the coefficient
on the export dummy will be positive in the regression for 7y 4; and possibly in
the regression for T'F' P RG A Ps;;. Table 13 shows that the export dummy takes a
positive and significant coefficient in the regression for TF'PRG A Ps;; and Ty ¢,
as expected, while it takes a negative and significant coefficient in the regressions
for or 7. The other variables have coefficients similar to those in Table 12
except for the external finance dependence, which is now positive and (marginally)

Z"Table 11 shows that the external finance dependence measure is negative for the seafood prod-
ucts (9) and publishing (92) industries. To test whether this affects our results, we drop the establish-
ments in these two industries, and obtain similar results for T'F'P RG AP,;; and Ty s;¢, but obtain an
insignificant coefficient on Tx sit.

BSee footnote 26.
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significant only in the regression of TF'PRG AP;;. The weak impact of external
finance dependence on distortions in Table 13 may be due to the difference in the
observation period; in the 2000s, the Japanese financial system was more stable
than it had bee in the 1990s.

In sum, most of the control variables take coefficients with the expected sign,
suggesting that our measure of distortions indeed appears to capture real distortions
rather than just measurement errors.

4 Conclusion

The purpose of this paper is to offer new evidences on the effects of establishment-
level distortions on aggregate TFP, establishment-size distribution, entry/exit be-
haviors, and establishment-level TFP growth rate using a rich dataset of Japanese
establishments falling into manufacturing industries. We further aim at revealing
the sources that result in establishment-level distortions.

Our main findings are the followings. First,if capital and labor were reallocated
in Japan to equalize marginal products to the extent observed in the United States,
aggregate TFP would increase by 6.2%. Second, the efficient size distribution
of establishments that would be realized without any distortions would be more
dispersed than the actual one. Third, industry-level distortions have significant
negative impacts on entry and exit in the industry, while establishment-level dis-
tortions have a significant positive impact on the probability of the establishment’s
exit. Fourth, establishment-level distortions have a significant negative impact on
the establishment’s productivity growth subsequent to entry. Finally, financial con-
straints result in overall distortions.

To interpret our results, we should note that this paper has focused on the static
efficiency of resource allocation ignoring its dynamic effects. On one hand, mea-
sured distortions may reflect unobserved investment such as research and develop-
ment and development of human resources. In this case, long-run effects of dis-
tortions on aggregate output may be less severe or even positive even when static
allocation of resources is inefficient. On the other hand, if distortions have negative
impacts on capital accumulation, aggregate output losses arising from distortions
may be larger than their static impacts.

To fully incorporate such dynamic impacts of distortions, we need to build a
structural model that incorporates sources for distortions and to estimate the im-
pact of policies that remove such sources for distortions. We leave this for future
work.?’

2See Hosono and Takizawa [17] for the model-based quantitative study concerning the effects of
borrowing constraints on misallocation and resultant TFP losses. They use the same dataset used in
the present paper.
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Appendix
A Derivation of TFPGAP

In this Appendix, we explain how we derive aggregate TFPGAP from the producer-
level distortions T;, Ty s; and TFPQ, Ag;.

First, we derive the equilibrium allocation of capital and labor across indus-
tries. Let us define a producer’s marginal revenue products of capital and labor
as MRPLg = % and MRPL = %, respectively. Then, from the
first-order conditions,s it follows that "

MRPK,; = (U— 1> asPsiYsi _ (14 7ksi)R
o

K 1— 17y ’
and
o—1 PyYy; w
MRPLg; = —« = .
B ( ) P

Next, we define the industry averages of MRPK and MRPL as

- R
MRPK = Ms (1-7ysi) PyYs;
i=1 TH7Ke PsYs
and
MRPL, = -

S (1 — Tye) ke

s

Using P;Y; = 0,PY and the above equations, we obtain the equilibrium allo-
cation of capital and labor across industries:

as0s/MRPK,
S agly /MRPKy'

M,
K,=> Ky=K
i=1

and

M —
- 1-— 0s/MRPL
LSZZLSZ':L S( aS) S/ S .
i1 Yov1(l—ag)y/MRPLy
Now let us proceed to derive industry-level TFP. As mentioned in the main text,
we define the producer-level TFPR as TF PRy, = Py Agi = M Thus,
from M RPK; and M RPL; above, we obtain

O\ Qs N\ l—as
TFPRSi:< o )(MRPK5Z> <MRPLSZ> 7

oc—1 Qg 1— g
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which leads to (2.10) in the main text. We define the industry-level TFPR as

(A 1) W: < o ) (]\4RPI(S)Qg (MRPLS>1—QS

oc—1 Qg 1— a4

We also define the adjusted industry-level TFPR as

(A.2)
Adjusted TFPR; =

Og —

Qg

1 _
a® (1 — a,) ") TFPR, = MRPK, *MRPL,'

Os

Qs

K, and TF PR,; into this definition, we obtain the iildusstry—level TFP:

1
f A.m e e
“~ \""'TFPR; ‘

Defining the industry-level TFP as TF P, = ﬁ and substituting L,

(A3) TFP, =

This shows that allocation is inefficient to the extent that 7v; and 7Tx;, and
hence T'F' PRg;, are different across producers.
Finally, we can aggregate sectoral outputs as follows:

S
(A.4) Y = [[ (TFPES L™,
s=1

If Tksi = Tvs; = 0 for all 7, then TFPR,; = TF PR, for all i and T'F P;
.
would be at its efficient level, A5 = <Zf\i ] A‘;Z._l) "', Given K, and L, aggre-

gate output would be at its efficient level, Ye f ficient = Hle (AK gSLi_O‘S)QS.

We define TFPGAP as the ratio of the actual aggregate output to the effi-
cient aggregate output that would be achieved without distortions while keeping
industry-level capital and labor at actual levels:

0s
0s S [Ms A, m oc—17o-1
) =11 [Z <As TFPRsi> ]

s=1

Y
TFPGAP = ——— =
Yéfficient

5 (TFPS
=1 ZS

s

We also report TFPGAIN that measures the gains of TFP from removing all dis-
tortions:

! 1
TFPGAP

To isolate the effect of capital distortions, we derive T'F PG AP,,pjtq1, that is,
the ratio of the actual aggregate TFP to the aggregate TFP that would be achieved

TFPGAIN =

21



without output distortions only. Let A, denote the sectoral productivity achieved if
Tys; = 0 for all ¢, but 7x; remains at the actual level. A bit of algebra yields

A = [25251 ((Hé(z)a)aﬂ] as
{Zé\f; (1+i;<si> <(1+;4;;)% >o—1} as

Then, we can define T'F' PG AP,,ptq as the ratio of actual aggregate output to the
aggregate output that would be achieved without output distortions while keeping
the sectoral capital and labor at their actual levels:

S 0 S Ms TFopp \ 71
TEFP;\"® Ay TFPR,
TFPGAPcapital - H < AS ) - H [; (ASIFPR%)

s=1 s=1

1
+071

s
o—1

B Measurement of Establishment-Level Output and In-
put

This appendix describes how we measure establishment-level output and input. We
construct output and input data as follows.

Gross Output is measured as the sum of shipments, revenues from repairing
and fixing services, and revenues from performing subcontracted work. Gross out-
put is deflated by the output deflator taken from the Japan Industrial Productivity
(JIP) Database 2010 and converted to values in constant prices of 2000.

Intermediate Input is defined as the sum of raw materials, fuel, electricity
and subcontracting expenses for consigned production used by the establishment.
Using the corporate goods price index (CGPI) published by the Bank of Japan,
intermediate input is converted to values in constant prices of 2000.

Value Added (Ps;Y;) is defined as the difference between gross output and
intermediate input.

Capital Input (K ;) is measured as real capital stock, defined as follows:

Capital Input (K,;) = Nominal book value of tangible fixed assets from the
Census of Manufactures x Book-to-market value ratio for each industry (vs¢).

The book-to-market value ratio for each industry (74 ) is calculated using the
industry-level data of real capital stock (/K ;,]tl Py and real value added (YS{ 1Py taken
from the JIP Database as follows:

JIP cM
Y:st _ Zies }/sit
JIP — CM :
Kst ZiES BVKsit X Vst
>ics YSGM is the sum of establishments’ value added and ), BVKSM is

the sum of the nominal book value of tangible fixed assets of industry s in the
Census of Manufactures.
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Labor Input. We first explain how we adjust hours worked (and efficiency
units) per worker. Let wg; denote the wage rate per worker, and w, the wage
rate per hour. Denoting hours worked by hg;, we have Wy = ws;hg;. Similarly,
denoting the number of workers by L,; and total hours worked by L;, we obtain
isi = % We can observe only wg; and Esi but need wg; and Ly;. We assume
that wg; is identical across establishments within an industry and thus is given by
ws . Then, standardizing hours worked (and efficiency units) by Zé\fil Ly =
ZMS L;, we obtain

si=1

o Ez wsiLsi
Ws = ——=< =7

Zi Ly

and
wsiLsi
Lsi =
Ws

Note that all the right hand side variables are observable. In our analysis, for wg;,
we use establishment-level wage compensation divided by the number of workers
L, multiplied by the non-wage compensation ratio. The non-wage compensation
ratio is aggregate non-wage compensation divided by aggregate wage compensa-
tion obtained from the System of National Accounts (SNA) of Japan.

C Measurement Errors due to Omitting Inputs

In order to examine the potential measurement errors arising from omitting other
inputs, in this appendix we investigate how our measure of distortions and associ-
ated TFP losses would be affected if we considered an additional production input,
which we call land, although it could also include other natural resources or in-
tangible assets. A differentiated-good producer si produces a differentiated good
Y si from capital K;, land Hg;, and labor Lg; using a constant-returns-to-scale
Cobb-Douglas production technology with idiosyncratic TFP, Ag,

Y, = AsiKz's Hﬁs Ll_ds_ﬂs.

st st
We consider three kinds of distortions: 7Tys;, Tisi,» and Trs;, Where the last

one is distortions on land. The demand function is represented by (2.4), which,
together with the first order conditions, implies that

- Qs wlLg;
14+ Trs = = ,
* 1-— C~ES — ﬂs RKSZ

- I

1+ Fre; = Bs Whig;

1—as — Bs uHg'
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g sti
o—1 (1_645_/85)1351‘}/;91"

1 —1Tysi =

and

PyiYsi) ot 1
s ~( = si) ———, where ks = (P;’Y'S)v—ll.
K;SH’BSLl_as_BS

st st

Agsi =K

A firm’s revenue productivity is

@ o o E Qs g Bs L 1—-as—fs (1 +7:KSZ)&S(1+%H51)69
st oc—1 \as Bs 1_ds_Bs 1— 7ya .

We define sectoral TFPR and TFP as follows:

Qs ﬁs
TFPR, = —~ i u
ST -1 a ZMS (1—Tysi) Py Ysi B ZMS (1-Tysi) Py Ysi
S i=1 1+7:K5i PsYs S i=1 1+%H5i PsYs

1—és—Bs
w
((1 = a5 = Ba) ity (1 = Fva) B > ’
and
Y,

TFPy= ———————.
KGH Ly %P

Then, it is straightforward to show that

7\
TFPS - Z ASZT‘S
p TFPRg;
Since we can use the sectoral labor compensation share to measure 1 — as and
1 — a5 — (s, we assume that these two measures are equal. Then, we obtain
o
1+ 7rs = TS(
S

1 + %Ksi)a

L+ 7vsi =1+ Tya,

and

~ _ Bs
Ay = (RBS L+ i *TK“> A

uds 1+ Ty
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To the extent that ¢4 is smaller than o, T ; 1S overestimated. On the other hand,
Ty s; 1S measured correctly.

1
Next, we define the efficient sectoral TFP by A} = (Zf\/[ ® /1‘;._1> "' Thus,
we obtain

_1

B~ _5 o—1\ =1
(Zﬂfﬁ (17?’“’)%> ° ZMS ((Hfm) SAsi)
TFP, =1 147 PsYs % 1+7 1 i TP
A M. (—ryad) Puve NP5 (~Ms qo1) 72T T
S (S S By ) (e ) ;

Suppose that Txs; = Tgs; for all si. Then, we obtain that TFPGAP is measured
correctly, since

TFP, TFP,
A, A
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Table 1: JIP Industry Classification and Rauch’s Goods Classifica-

tion
JIP Code JIP Industry Rauch’s Classification
8 Livestock products R
9 Seafood products D
10 Flour and grain mill products C
11 Miscellaneous foods and related products D
12 Prepared animal foods and organic fertilizers C
13 Beverages D
14 Tobacco R
15 Textile products D
16 Lumber and wood products R
17 Furniture and fixtures D
18 Pulp, paper, and coated and glazed paper D
19 Paper products D
20 Printing, plate making for printing and bookbinding D
21 Leather and leather products D
22 Rubber products C
23 Chemical fertilizers C
24 Basic inorganic chemicals D
25 Basic organic chemicals D
26 Organic chemicals D
27 Chemical fibers D
28 Miscellaneous chemical products D
29 Pharmaceutical products D
30 Petroleum products C
31 Coal products C
32 Glass and its products D
33 Cement and its products C
34 Pottery D
35 Miscellaneous ceramic, stone and clay products D
36 Pig iron and crude steel C
37 Miscellaneous iron and steel D
38 Smelting and refining of non-ferrous metals R
39 Non-ferrous metal products D
40 Fabricated constructional and architectural metal products D
41 Miscellaneous fabricated metal products D
42 General industry machinery D
43 Special industry machinery D
44 Miscellaneous machinery D
45 Office and service industry machines D
46 Electrical generating, transmission, distribution D
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Table 1: JIP Industry Classification and Rauch’s Goods Classifica-

tion
JIP Code JIP Industry Rauch’s Classification
and industrial apparatus
47 Household electric appliances D
48 Electronic data processing machines, digital and D
analog computer equipment and accessories
49 Communication equipment D
50 Electronic equipment and electric measuring instruments D
51 Semiconductor devices and integrated circuits D
52 Electronic parts D
53 Miscellaneous electrical machinery equipment D
54 Motor vehicles D
55 Motor vehicle parts and accessories D
56 Other transportation equipment D
57 Precision machinery and equipment D
58 Plastic products D
59 Miscellaneous manufacturing industries D
92 Publishing D

Note. C, R, and D denote, respectively, commodity, reference-priced goods, and
differentiated goods.
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Table 2: Descriptive Statistics for log(TFPQ), Output Distortion, and Capital Dis-
tortion

log(Asi) Ty si TK si
Mean 12.57 -0.91 3.28
Median 12.60 -0.39 0.71
Min. 2.54 -222.86 -0.99
Max. 23.67 0.97 7367.52
Std. dev. 2.18 2.11 13.56
Skewness -0.06 -9.93 127.39
Kurtosis 2.99 333.94  48149.91
Obs. 3542793 3542793 3542793
log(As;) — log(TFPQs)
Std. dev. 2.02
Interquartile Range 2.72
90th percentile - 10th percentile 5.29
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Table 3: TFPGAP and TFPGAIN

Japan United States

Elasticity of substitution Baseline o =3
Output distortions and capital distortions=0

TFPGAP 0.717 0.690 0.733

TFPGAIN 39.6%  44.9% 36.60%
Output distortions=0

TFPGAP,. it 0.826 0.821 N.A.

TFPGAIN qpital 211%  21.7% N.A.

Note: The U.S. TFPGAP is the average of the values for 1977, 1987, and 1997
calculated by Hsieh and Klenow [18]. TFPGAIN is the inverse of TFPGAP minus
one.
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Table 4: The Actual-to-efficient TFP Ratio by Industry

JIP industry classification

Actual-to-efficient TFP ratio

29
30
13
48

31
49
28
47
51
38
10
37
45
23
12
53

59
39
92
52
32
58
26
24
36
56
15
57
50

27
11
40

42
35

21
46

Pharmaceutical products

Petroleum products

Beverages

Electronic data processing machines, digital and
analog computer equipment and accessories
Coal products

Communication equipment

Miscellaneous chemical products

Household electric appliances

Semiconductor devices and integrated circuits
Smelting and refining of non-ferrous metals
Flour and grain mill products

Miscellaneous iron and steel

Office and service industry machines
Chemical fertilizers

Prepared animal foods and organic fertilizers
Miscellaneous electrical machinery equipment
Livestock products

Miscellaneous manufacturing industries
Non-ferrous metal products

Publishing

Electronic parts

Glass and its products

Plastic products

Organic chemicals

Basic inorganic chemicals

Pig iron and crude steel

Other transportation equipment

Textile products

Precision machinery and equipment
Electronic equipment and electric

measuring instruments

Chemical fibers

Miscellaneous foods and related products
Fabricated constructional and architectural
metal products

General industry machinery

Miscellaneous ceramic, stone and clay products
Seafood products

Leather and leather products

Electrical generating, transmission, distribution and

33

0.524
0.564
0.572

0.581
0.592
0.604
0.608
0.614
0.617
0.618
0.633
0.648
0.655
0.688
0.690
0.690
0.692
0.696
0.700
0.702
0.703
0.704
0.717
0.719
0.721
0.723
0.727
0.727
0.733

0.734
0.736
0.737

0.737
0.740
0.742
0.743
0.744



industrial apparatus 0.744

18 Pulp, paper, and coated and glazed paper 0.746
55 Motor vehicle parts and accessories 0.756
54 Motor vehicles 0.758
16 Lumber and wood products 0.758
43 Special industry machinery 0.758
33 Cement and its products 0.759
19  Paper products 0.768
17  Furniture and fixtures 0.775
34 Pottery 0.776
14 Tobacco 0.777
44  Miscellaneous machinery 0.786
41 Miscellaneous fabricated metal products 0.787
20 Printing, plate making for printing and bookbinding 0.799
25 Basic organic chemicals 0.800
22 Rubber products 0.832

Note. The actual-to-efficient TFP ratio by industry (T'F Ps/ A;) is the average over
1981-2008.
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Table 5: Size Distribution

ey 2 3)
Actual output Ty =0  Tyg =0
Tisi = 0

Interquartile range 3.935 4.024 3.871
25th percentile 15.266 15.173 15.333
75th percentile 19.201 19.198 19.204
Output share of largest 0.01% of establishments 39.13% 58.93% 47.16%
Output share of largest 0.1% of establishments 76.17% 86.86% 81.38%
Output share of largest 1% of establishments 95.38% 97.93% 96.63%
Output share of largest 5% of establishments 99.03% 99.62% 99.31%
Output share of largest 10% of establishments 99.59% 99.84% 99.71%
Output share of largest 20% of establishments 99.86% 99.95% 99.90%
Output share of smallest 1% of establishments 0.00000% 0.00000%  0.00000%
Output share of smallest 5% of establishments 0.00003% 0.00001%  0.00003%
Output share of smallest 10% of establishments 0.00014% 0.00004% 0.00012%
Output share of smallest 20% of establishments 0.00075% 0.00024% 0.00058%
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Table 6: TFPGAP and Hypothetical Establishment-Size Distributions for Subperi-

ods
1981-2008 1981-89 1990-99 2000-08
(Baseline)
Actual size distribution
Interquartile range 3.935 2.635 2.992 3.586
Output share of largest 1% of establishments 95.38% 79.66% 92.26% 90.36%
Output share of smallest 20% of establishments ~ 0.001% 0.04%  0.004%  0.002%
Output distortions and capital distortions=0
TFPGAP 0.717 0.733 0.716 0.701
TFPGAIN 39.56% 3642% 39.67% 42.771%
Interquartile range 4.024 3.009 3.316 3.919
Output share of largest 1% of establishments 97.93% 82.97% 94.03% 95.73%
Output share of smallest 20% of establishments ~ 0.000% 0.017% 0.002%  0.000%
Output distortions=0
TFPGAP, .pital 0.826 0.838 0.832 0.808
TFPGAIN qpital 21.05% 1932% 20.25% 23.77%
Interquartile range 3.871 2.586 2.970 3.609
Output share of largest 1% of establishments 96.63% 79.73% 93.22%  92.66%
Output share of smallest 20% of establishments ~ 0.001% 0.040% 0.004% 0.001%
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Table 7: TFPGAP and Hypothetical Establishment-Size Distributions under Alter-

native Specifications

) (@) 3) “4)
Baseline 1981-2000 Trimming 2% o =06
and 2005
Actual size distribution
Interquartile range 3.935 3.640 3.887 1.816
Output share of largest 1% plants 95.38% 95.40% 94.14% 51.35%
Output share of smallest 20% plants 0.001% 0.001% 0.001% 0.606%
Output distortions and capital distortions=0
TFPGAP 0.717 0.722 0.760 0.732
TFPGAIN 39.56% 38.49% 31.63% 36.67%
Interquartile range 4.024 3.751 3.944 2.161
Output share of largest 1 % plants 97.93% 97.14% 97.09% 64.44%
Output share of smallest 20 % plants 0.0002%  0.001% 0.000% 0.247%
Output distortions=0
TFPGAPcapital 0.826 0.832 0.866 0.913
TFPGAINCcapital 21.05% 20.16% 15.48% 9.50%
Interquartile range 3.871 3.565 3.825 1.831
Output share of largest 1 % plants 96.63% 96.25% 95.52% 57.35%
Output share of smallest 20 % plants 0.0006%  0.001% 0.001% 0.543%
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Table 8: Probit Estimation of Exit Probability
Marginal Effect Robust Std. Err.

log(Adjusted TFPR) -0.013 0.004 %
log(TFPQs/TFPQ) -0.027 0.003%*%**
log(1 — Ty ) -0.022 0.005%%**
log(1 + Tksi) 0.013 0.001%**
log(age) -0.021 0.004 %33
(log(age))? -0.006 0.006
(log(age))? 0.003 0.003
(log(age))* 0.000 0.001
constant

year dummy Yes

industry dummy Yes

Number of Obs. 2612536

Pseudo R-squared 0.0787

Notes.

1. The dependent variable is a dummy that takes one if the establishment exits in
year ¢t and zero otherwise.

2. All the dependent variables are one-year lagged values.

3. *** indicate statistical significance at the 1% level. Standard errors are adjusted

for clustering at the industry level.

Table 9: Estimation Results of a Random-effect Model of Industry-level Entry
Ratio

Coef. Std. Err.
Adjusted TF PRy -0.0002  0.000087%*:

Constant 0.2029  0.01462%**
Year dummy Yes

Industry dummy Yes

Number of obs. 1001

R-squared within 0.4105
R-squared between 1
R-squared overall 0.5252

Notes.
1. The dependent variable is a share of entrants in all the establishments.
2. *** indicate statistical significance at the 1% level.
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Table 10: Estimation Results of the Establishment-level TFPQ Growth Rate Sub-
sequent to Entry

Period 1981-2008 1981-2000
Coeft. Std. Err. Coeft. Std. Err.

TFPQs/TFPQs -0.0560 0.001 k- -0.0534 0.001 oAk

Ty si -0.0112 0.000 %k -0.0108 0.000 o

TKsi -0.0004 0.000 %k -0.0005 0.000 oAk

Constant -0.138 0.007 ko 0.1397 0.007 ok

Year dummy yes yes

Industry dummy yes yes

Number of obs. 328996 316293

F( 81,328901) 494.38 510.24

Prob > F 0 0

R-squared 0.1085 0.1054

Adj. R-squared 0.1083 0.1052

Root MSE 0.4055 0.40552
Notes.
1. The dependent variable is the establishment-level TFPQ growth rate subsequent
to entry.

2. The dependent variables are values at the entry.
3. *** indicate statistical significance at the 1% level.
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Table 11: External Dependence Ratio by Industry

JIP industry classification

External dependence ratio

38
31
18
30
24
39
33
21
51
13
25
32
26
48

56
23

37
43
46

49
12
36
54
22
16
35
27
34
28
11
15
58
53
55
47
42
57
44

Smelting and refining of non-ferrous metals
Coal products

Pulp, paper, and coated and glazed paper
Petroleum products

Basic inorganic chemicals

Non-ferrous metal products

Cement and its products

Leather and leather products

Semiconductor devices and integrated circuits
Beverages

Basic organic chemicals

Glass and its products

Organic chemicals

Electronic data processing machines, digital and
analog computer equipment and accessories
Other transportation equipment

Chemical fertilizers

Livestock products

Miscellaneous iron and steel

Special industry machinery

Electrical generating, transmission, distribution and
industrial apparatus

Communication equipment

Prepared animal foods and organic fertilizers
Pig iron and crude steel

Motor vehicles

Rubber products

Lumber and wood products

Miscellaneous ceramic, stone and clay products
Chemical fibers

Pottery

Miscellaneous chemical products
Miscellaneous foods and related products
Textile products

Plastic products

Miscellaneous electrical machinery equipment
Motor vehicle parts and accessories
Household electric appliances

General industry machinery

Precision machinery and equipment
Miscellaneous machinery

0.705
0.679
0.656
0.643
0.616
0.596
0.595
0.587
0.582
0.581
0.577
0.571
0.568

0.565
0.558
0.548
0.546
0.542
0.536

0.534
0.527
0.525
0.516
0.511
0.510
0.486
0.480
0.477
0.468
0.468
0.460
0.450
0.449
0.435
0.431
0.399
0.394
0.380
0.351
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Table 11: External Dependence Ratio by Industry, continued

JIP industry classification

External dependence ratio

19
40
10
29
45
20
41
59
17
50

92

Paper products

Fabricated constructional and architectural metal products

Flour and grain mill products
Pharmaceutical products

Office and service industry machines

Printing, plate making for printing and bookbinding
Miscellaneous fabricated metal products
Miscellaneous manufacturing industries

Furniture and fixtures

Electronic equipment and electric measuring instruments

Seafood products
Publishing

0.348
0.343
0.337
0.324
0.322
0.300
0.264
0.248
0.166
0.131
-0.064
-0.134
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Table 12: Estimation Results for the Establishment-level Distortions: 1981-2008

(D (2) 3) 4
TFPRGAP;:  Tysit TK sit TK sit
External finance dependence 0.782 1.088 1.329 1.343
(0.227)%*%* (0.366)***  (0.683)* (0.684)*
Log (age) -0.185
(0.026)%**
Log(T'FPQs;) 0.171 0.404 -0.202 -0.200
(0.043)%** (0.096)***  (0.071)***  (0.071)***
Regulation index 0.211 0.297 -0.005 -0.003
(0.134) (0.280) 0.372) (0.373)
Log(number of employees)  -0.103 -0.203 -0.433 -0.415
(0.037)%** (0.082)**  (0.093)***  (0.093)***
Corporation dummy 0.005 -0.201 0.760 0.756
(0.054) (0.123) (0.168)***  (0.166)***
Sole proprietorship dummy  -0.252 -1.092 2.073 2.055
(0.058)%#* (0.156)***  (0.255)***  (0.252)***
Share of workers aged 20-29  14.266 22.611 -11.689 -11.501
(4.689)%#* (9.350)**  (19.155) (19.104)
Share of workers aged 30-39 12.656 22.508 -19.383 -19.080
(5.193)** (10.051)**  (14.374) (14.368)
Share of workers aged 40-49  13.636 20.985 -5.840 -5.750
(4.863)%*%* (9.569)**  (17.023) (16.984)
Share of workers aged 50-59 16.256 29.151 -28.049 -27.598
(4.992) %% (9.886)***  (15.567)*  (15.543)*
Share of workers aged 60+ 14.060 25.535 -16.444 -15.857
(4.846)%*%* (9.488)**  (16.681) (16.647)
Share of part-time workers -0.145 -0.471 2.360 2.304
(0.500) (0.947) (1.929) (1.924)
Constant -14.384 -27.361 19.104 18.784
(4.603)%** (8.874)***  (15.399) (15.374)
Year dummy yes yes yes yes
Number of obs. 3336281 3332638 3324795 3324795
R-squared 0.2654 0.3204 0.0576 0.0585
Root MSE 0.45403 0.96344 4.0105 4.0086
Notes.

1. *** and ** indicate statistical significance at the 1% and 5% level, respectively.
2. Numbers in parentheses are standard errors adjusted for clustering at the indus-

try level.

3. Corporation dummy and sole proprietorship dummy are compared with cooper-

atives and other corporations.

42



Table 13: Estimation Results for the Establishment-level Distortions: 2001-2008

(D (2) 3) “4)
TFPRGAP;:  Tysit TK sit TK sit
External finance dependence 0.505 0.643 0.458 0.457
(0.285)* (0.427) (0.5006) (0.506)
Log (age) -0.152
(0.021)%**
Log(T'FPQ;) 0.175 0.318 -0.151 -0.151
(0.046)%** (0.082)***  (0.043)***  (0.043)***
Regulation index 0.076 0.087 0.034 0.026
(0.171) (0.303) (0.211) (0.211)
Export dummy 0.051 0.116 -0.156 -0.159
(0.013)%** (0.024)***  (0.042)***  (0.042)***
Log(number of employees)  -0.123 -0.176 -0.189 -0.157
(0.045)%** (0.083)** (0.059)***  (0.061)**
Corporation dummy 0.036 -0.156 0.640 0.632
(0.074) (0.131) (0.102)***  (0.104)*%**
Sole proprietorship dummy  -0.204 -1.088 1.720 1.635
(0.078)** (0.177)%*%  (0.153)*%**  (0.154)***
Share of workers aged 20-29  37.068 61.612 5.467 6.255
(12.069)*** (21.961)*** (21.877) (21.832)
Share of workers aged 30-39 22.715 33.657 16.042 17.023
(10.574)** (18.228)* (19.218) (19.046)
Share of workers aged 40-49 41.071 64.954 4.380 5.163
(13.165)*** (23.617)***  (22.021) (21.992)
Share of workers aged 50-59 31.156 48.637 7.860 8.965
(12.056)** (21.109)**  (20.137) (20.014)
Share of workers aged 60+ 30.888 50.268 6.816 7.762
(10.782)*** (19.337)**  (20.031) (19.948)
Share of part-time workers -0.341 -1.041 2.436 2.358
(0.896) (1.459) (1.284)* (1.283)*
Constant -32.888 -54.408 -5.587 -6.222
(11.449)*** (20.332)**  (19.956) (19.858)
Year dummy yes yes yes yes
Number of obs. 366079 365500 363190 363190
R-squared 0.2688 0.2764 0.0323 0.0355
Root MSE 0.44794 0.80126 2.4094 2.4055
Notes.

1. *** and ** indicate statistical significance at the 1% and 5% level, respectively.
2. Numbers in parentheses are standard errors adjusted for clustering at the indus-

try level.

3. Corporation dummy and sole proprietorship dummy are compared with cooper-

atives and other corporations.

43



0
log(As)

T
-15

log(1- tv)

T
-15 -10 5 10
Iog(1+1';<sJ

Figure 1: Density of log(A), log(1 — 7v), and log(1 + 7k )
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Figure 2: Density of Actual log(Ys;) (Blue Line) and Hypothetical log(Y;) for 7y =
Tk si = 0 (Red Line).
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Figure 3: Density of Actual log(Ys;) (Blue Line) and Hypothetical log(Ys;) for 7ys; = 0
(Red Line)
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Figure 4: TFPGAP(Ty s = Tisi = 0) and TFPGAP, qpitai(Tysi = 0)
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Figure 5: Density of log(1 — 7y ;) for the establishments with their TF PQ; /T FPQs
lie in the highest quartile (red, dashed line), the second and third quartiles (green, dotted
line), and the lowest quartile (blue, solid line).
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Figure 6: Density of log(1 + Tks;) for the establishments with their TF PQ; /T FPQs
lie in the highest quartile (red, dashed line), the second and third quartiles (green, dotted
line), and the lowest quartile (blue, solid line).
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